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X N T R O D U C T I O N 
1 
Membrane phenomena has recieved wide a t t en t ion during 
the l a s t few. decades because of i t s inportance in day to day-
l i f e (desal t ing of sa l ine water^ Biology & Indus t ry) . There 
i s a tremendous need of soft water for drinking* agr icu l tu re 
and other porposes. The di f ferent fac tors , which operate to 
br ing about desa l t ing of sa l ine water by hyper f i l t r a t ion or 
reverse osmosis, have been both in toas ively and extensively 
s tudied in recent years (1-8) • 
Dasalination i s a processes to get potable water from 
s a l i n e water. Different mechanisms have been used in which 
membrane desat inat ion is one of the inportant p rocess . This 
process is applicable in water and waste water treatment 
leading to water pol lu t ion control and water renovation and 
i t s multiple re use . This process has also a p o t e n t i a l in 
various indus t r i a l separation such as in food and pharmaceu-
t i c a l pulp and paper. 
Reverse osmosis and hyp erf i l t r a t i o n techniques have 
been suggested by dif ferent researehers as a useful aid in 
convectional waste treatment pjrocess for the elimination of 
tox ic and bio-refractory po l lu t an t s from secondary eff luents 
along with water reclamation for recycling. (1) 
Reverse osmosis process i s a general and widely 
applicable technique for the s ^ a r a t i o n concentration, or 
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f ract ionat ion of inorganic or organic substances in aqueous 
o r non-aqueous solutions in the l i qu id or gaseous phase 
This technique consis ts in l e t t i n g the fluid mixture flow, 
under pressure througti an appropriate porous membrane, and 
withdrawing the membrane permeated product, general ly a t 
atmospheric pressure and surrounding tenpera ture . The 
product i s enriched in one or more cons t i tuents of the 
mixture, leaving a concentrated solut ion on the up s tire am 
s i d e of membrane. No heating of the membrane and no phase 
change in product recovery are involved. 
In view of the recent advances in the f i e ld of 
reverse osmosis, Sourirajan and Co-workers (4-8) discussed 
t h i s process involving aqueous solut ions system and ce l lu lose 
ace ta t e and n i t r a t e s membranes. Several mechanisms of the 
reverse osmosis process have been proposed, some of these 
are discussed extensively by Merten (9). According to 
Michaels e t al (10), water t ranspor t in reverse osmosis i s 
by molecular diffusKin through the polymer metrix, and solute 
t r anspor t is by p a r a l l e l mechanisms involving sorpt ion, 
ac t iva ted diffusion, and hydrodynamic flow. The reverse 
osmosis process has also been in terpre ted In terms of non-
equilibrium thermodynamic. The s a l t separation p rope r t i e s 
of reverse osmosis membranes are determined by the r e l a t i v e 
permeabi l i t i es of water and s a l t through the membranes. 
Sourr irajan (8) develcped a method of making porous ce l lu lose 
ace ta te membranes capable of giving both high permeabi l i t ies 
and high degrees of solute separation from aqueous sodium 
chlor ide so lu t ion . The s a l t peirmeability is governed by 
both s t a t i c and kinetfc factors , t ha t i s the concentration 
and mobility of s a l t s in the membrane. Noriyuki (11) has 
discussed the mobil i t ies of various ions in ce l lu lose aceta te 
membranes by means of membrane p o t e n t i a l , diffusion coeff i -
c i en t s and e l e c t r i c a l res is tance measurements. 
In hyper f i l t r a t i o n , a membrane separates two unequ-
a l l y pressurized aqueous solut ions of d i f ferent concentra-
t ions and d i f ferent e l e c t r i c a l p o t e n t i a l s , AS a r e s u l t of 
the applied pressure difference AP, solute and solvent flows 
occur from the feed conpairtment to the product conpartment 
(denoted by C* and C" respec t ive ly) . At the steady s t a t e 
in hyper f i l t ra t ion the product concentratdon (C"), i s de ter -
mined by the applied pressure difference and the feed concen-
t r a t i o n (C*). This s i tua t ion i s quite d i f ferent from tha t in 
d i a l y s i s experiments where the s a l t concentration of both 
phases may be varied independently. At a given feed concen-
t r a t i o n ( C ) , the same pressure ^ p l i e d to a hype r f i l t r a t i on 
system and a d i a l y s i s system wi l l therefore res \ i l t in d i f fe -
ren t volume fluxes as well as membrane po ten t i a l s across the 
membrane because of the di f ferent boundary conditions ex i s t ing 
in these two experimental setups. Dernish & Pusch (12) d i s -
cussed the e l e c t r i c a l and electrostnotic t ranspor t behavior 
of asymmetric ce l lu lose acetate membranes for d i a l y s i s and 
hyper f i l t r a t ion experiments. Martin e t al (9), f i r s t p ro-
posed on the basis of experimental findings the membrane 
p o t e n t i a l measurement with the help of asymmetric ce l lu lose 
ace ta te membranes In hype r f i l t r a t i on . 
Membrane phenomena has been extensively studied by 
several inves t iga tors , notably. Lakshminarayanaiah (13), 
Teorel l (14), Staverman (15), Makie and Mears (16), Zwollnski 
(17), and Alber t i (18,19). A majority of these s tud ies have 
been carr ied out with polymeric membranes both na tura l and 
a r t i f i c i a l . A number of insoluble inorganic p r e c i p i t a t e 
membranes, by the use of parchment paper and polymeric 
mate r ia l s , have been prepared by several workers including 
Albe r t i e t al (18): who f i r s t used ZrO (H2PO4) and Teflon 
under high pressure . The insoluble inorganic p r e c i p i t a t e 
membranes prepared from the polymeric substances v i z . Poly- -
s tyrene , ce l lu lose aceta te , o ther c e l l u l a r ma te r i a l s , ion 
exchanger l i ke phosphate, roolybdate, chromates, orthovana-
da tes , tungsta te , palmitates t e l l u r a t e of heavy metals 
l i k e barium, strontium, lead, manganese, zirconium e t c . 
have beai used in di f ferent proport ions and under d i f fe ren t 
s ets of conditions of tenparature and pressure to get a 
s u i t a b l e membrane. Recently other complex membranes have 
been prepared by Lakshminarayanaiah and s iddiq i (20-24)» 
Parchment supported membrane of inorganic p r e c i p i t a t e were 
prepared by the method suggested by Siddiqi e t al (25-32). 
An extensive review of the ea r ly development in the 
f i e ld of electrokduietic phenomena in membrane was given by 
Sol lner (33), in the same connection, Teorell (34), r ev i -
ewed more recent contr ibutions to tanderstanding of e l e c t -
rok ine t i c phenomena such as the membrane p o t e n t i a l . Ke 
considered tha t the presence of charge on the membrane 
Skelton is responsible for the development of p o t e n t i a l 
across i t . His fur ther findings, t ha t e lec t ro ly te t ransport 
process , in stomach could be handled by something s imi la r 
t o Picks" diffusion law and tha t Nemst Plank formula for 
e l e c t r i c a l p o t e n t i a l were ^ p l i c a b l e , has sicouraged us 
t o proceed further with study of parehment supported mem-
branes which in some formal aspect, a t l eas t , behave l i k e 
g a s t r i c mucosal merrbrances. The membrane p o t e n t i a l has 
been widely discussed by several authors (3 5-39) on the 
basis of the theory of Teorell (34), Meyer and Sievers (40). 
However, there have been ver^ .;' few attempts to ^ p l y the 
comprehensive treatment given by Schlogl (41) to ca lcu la te 
membrane p o t e n t i a l , Teorel l , Meyer and Sievers (TMS) theory 
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i s a fixed charge theory* which i s s t i l l regarded as the 
most per t inen t s t a r t i n g point for the invest igat ion of the 
actual mechanisms of the ionic or molecular processes which 
Occur in the membrane phase. Based on the fixed charge 
concept, a number of mathematically rigorous equation for 
membrane p o t e n t i a l s in recent years have been developed 
and t h e i r v a l i d i t y examined by taking s inp la r a r t i f i c i a l 
membrane system, Nagasawa e t a l . (42) developed fixed 
charge theory based on thermodynamic of i r r e v e r s i b l e 
p roces s . 
The various a t tenpts made to ca lcula te the membrane 
p o t e n t i a l s and charge density f a l l into three groups (a) 
the ideal ized theory of Teorell-Meyer-Sievers (TMs) and 
i t s refinements (36,41); (b) the pseduo thermodynamic 
approach due to Scatchard (43) and treatment based on the 
thermodynamics of i r revers ib le processes (44-4 7) and (C)-
a k i n e t i c approach based on the theory of absolute reaction 
ra tes (48,49). 
For the evaluation of t ranspor t number using a 
modified Nerust re la t ion and the thermodynamic e f fec t ive 
charge do i s i ty by dif ferent methods, namely those of TMS, 
Altug and Hair (50), and recent one of Kobatake e t al 
(51-56) was made. A conparison between various methods has 
also been made along with the evaluation of permselec t iv i ty 
of invest igated membranes. The problem has been approached 
tak ing into consideration the views of Sollner (57), Gregar 
(58), Schmld (3 7), and Helfferich (59). 
From the resu l t s discussed by s iddiqi e t al (20-32), 
i t i s evident t ha t parchment supported inorganic p r e c i p i t a t e 
membranes have the a b i l i t y to generate po ten t i a l s when they 
are used to s ^ a r a t e e lec t ro ly te solut ions of d i f fe ren t 
concentrat ion. This prq^erty was a t t r ibu ted to the presence 
of a net charge (negative in the case of 1:1 e l ec t ro ly tes 
and pos i t i ve in the case of 2:1 or 3:1 e lec t ro ly tes) on 
t he membrane probably due to adsorption of anions or ca t ions . 
The quantity of charge required to generate p o t e n t i a l , pa r -
t i c u l a r l y when d i lu t e solutions are used, is very small (l3) , 
This, of course, i s d(^endent on the poros i ty of the membrane 
If the membrane pores are too wide any amount of charge on 
the membrane does l i t t l e to generate good p o t e n t i a l s . But if 
the membrane pores are narrow* a l i t t l e charge on i t can give 
ideal po ten t i a l s according to Nemst equation -
E o - | S - In ! i _ (1) 
max F -*~ 
^2 
where a^  and a„ are the a c t i v i t i e s of the two solut ions on 
e i t h e r s ide of the membrane in an electrochemical c e l l of 
the type: 
Hg-Hg^Cl Sa tu ra ted 
KCl-Agar 
Solut ion 
a. 
Moiibrane Solu t ion Sa tu ra t ed 
KCl-Agar 
Hg^Cl^ 
-Hg 
E^ i s the membrane p o t e n t i a l and R,T and F have t h e i r usua l 
s i g n i f i c a n c e . 
When an ion exchange membrane i s i n t e r p o s e d between two 
s o l u t i o n of d i f f e r e n t concen t ra t ion of an e l e c t r o l y t e , t h e 
mobile spec ie s p e n e t r a t e the nsefiibrane and t r a n s p o r t phenomena 
a r e in t roduced i n t o t h e syste'H (60) . An e l e c t r i c a l p o t e n t i a l 
c a l l e d a concen t r a t i on o r me^ubrane p o t e n t i a l i s genera ted 
a c r o s s t h e membrane. The sign and magnitude of t h i s EMF d i r e c t s 
t h e s e l e c t i v i t y of t h e membrane towards the ions of the e l e c -
t r o l y t e . I f t h e menbrane i s used t o s ^ a r a t e the s o l u t i o n of 
d i f f e r e n t e l e c t r o l y t e s of same concen t r a t ion l i k e Ax and Bx 
(or Ax and Ay), the s teady p o t e n t i a l developed i s c a l l e d 
b i - i o n i c p o t e n t i a l (61), which i s a raeesure of s e l e c t i v i t y 
of t h e membrane fo r ions of the same s i g n . B i - i o n i c p o t e n t i a l 
has been cons idered by He l f f e r i ch (59) , according to concept 
of TMS theory (34,40) as be ing t h e a l g e b r a i c sum of two 
i n t e r f a c i a l p o t e n t i a l s and an i n t e r n a l d i f fus ion p o t e n t i a l . 
In t h i s d i s s e r t a t i o n , t h e membrane p o t e n t i a l , b i - i o n i c 
p o t e n t i a l and conductance measurement da ta ac ros s parchment 
suppor ted l e a d chromate and copper chroraate mambranes a re 
p r e s e n t e d . These obseirvvitions dea l with the ^ p l i c a t i o n and 
t e s t i n g the most recant theories of membrane p o t e n t i a l 
developed by Kobatake e t al (51,56), and Nagasawa e t al 
(40,48) based on therrnodynamics of i r r eve r s ib le processes . 
The most recent theories of b i - i on i c po ten t ia l (BIP) deve-
loped by Toyoshima and Nozaki on the basis of non e q u i l i -
brium thermodynamics have also been applied to these 
sytem. Theories of membrane conductance developed by 
Lakshrainarayanaiah e t al (63) , l i j ima e t al (64) , and 
Lockhart (65) have also been ver i f i ed . 
The membrane po ten t ia l and conductance measurement 
data across, parchment supported cooper chromate and lead 
chromate membranes have been used to evaluate the ef fec t ive 
fixed charge densi ty St permselect ivi ty of the membranes 
based on thermodynamics of i r r e v e r s i b l e process . At the 
same time e^qperimentally observed membrane conductance values 
a t d i f ferent temparatures have been used to compute various 
k i n e t i c parameter namely, energy of act ivat ion Ea, free 
energy of act ivat ion ^ G , enthalpy of act ivat ion A H , 
and entropy of act ivat ion *^S by the ^ p l i c a t i o n of the 
theory of absolute reaction ra te (66) , 
E X P E R I M E N T A L 
MEMBRANE 
Parchment supported lead and copper ch rona te membranes 
were prepared by t h e method of i n t e r a c t i o n suggested by 
S i d d i q i / Beg and Co-workers (23-32) . To p r e c i p i t a t e t h e s e 
sxibstances in the i n t e r s t i c e s of t he parchment paper , f i r s t 
parchment paper was soaked in d i s t i l l e d water for about 2 
hour and then t i e d c a r e f u l l y t o t h e f l a t mouth of a beaker 
t h a t con ta ined 0 , 2 M s o l u t i o n of- potassium chromate . This was 
sijspended for about 72 hours in a 0,2 M s o l u t i o n of c u p r i c 
c h l o r i d e . The two s o l u t i o n s were then in terchanged and kept 
f o r another 72 h o u r s . The cupr ic chromate membrane thus 
prepared was washed with deionized water fo r t h e removal of 
f r e e e l e c t r o l y t e . A s i m i l a r procedure was adopted fo r t h e 
p r e p a r a t i o n of lead chromate membrane by t a k i n g 0 .15 M s o l u -
t i o n of potasAivBTi chromate and 0.15 M s o l u t i o n of lead 
N i t r a t e . 
APPARATUS AND EXPERITIENTAL METHOD' 
The p o t e n t i a l and conductance measurements were made 
by means of a Osaw v e r n i e r po ten t iomete r (No, 30071) and 
Toshniwal c o n d u c t i v i t y b r i d g e , r e s p e c t i v e l y . 
The diagram of: appra tus used for t h e measurement of 
manbrane p o t e n t i a l and b i - i o n i c p o t e n t i a l i s shovm in F i g . l . 
Z!i22 
PCfTElSTIp METER 
m^ 
»i 
A^  
•Swu.1.111 
U'-'t^—1^ ' S Z? M~tZ . 
/:; 
.JS.Z. jr«s-rfr jf' 
J 3 ^ 
F IG . ] . I^o-vvAb-xawe 9^«.-V\\CCLV cLe)\, K\: mevvv\ovaAAe. 
^A 
.Ba^ 
11 
I t c o n s i s t of two h a l f c e l l s of 25 ml c a p a c i t y b u t f o r 
c o n d u c t a n c e m i c r o c e l l s were u s e d . The v e r t i c a l f ema le j o i n t s 
A and A ' , a t t a c h e d t o each h a l f c e l l p r o v i d e f o r i n t r o d u c i n g 
t h e e l e c t r o l y t e and c a l o m e l e l e c t r o d e B^ and B j . The t e s t 
membrane i n t h e form of a d i s c was i n s t a l l e d be tween t h e 
f l a n g s of h a l f . 
MEASUREMENT OF MSMBRAME POTENTIAL AND BI-IOHIG POTENTIAL 
The p o t e n t i a l deve loped by s e t t i n g up a c o n c e n t r a t i o n 
c e l l of t h e t y p e d e s c r i b e d by M i c h a e l s (67)^ S o l l n e r and 
Grego r ( 6 8 ) , and M a r s h a l and Ayers (69) was t a k e n a s m e a s u r e 
of membrane p o t e n t i a l . The measurements were c a r r i e d o u t a t 
25 + 0 .1°C wi th c o n s t a n t s t i r r i n g . The c o n c e n t r a t i o n c e l l of 
t h e t y p e : 
Hg-Hg2Cl2 S a t u r a t e d 
KG 1-Agar 
S o l u t i o n Membrane S o l u t i o n S a t u r a t e d 
KC 1-Agar 
Hg-Kg2C 1^ 
was t a k e n as a measu re of membrane p o t e n t i a l . The c o n c e n t r a -
t i o n r a t i o Y = 2__ was k e p t eqxaal t o 10, t h r o u g h o u t t h e 
^ 1 
e x p e r i m e n t . The same e l e c t r o l y t e w i t h d i f f e r e n t c o n c e n t r a t i o n 
was used on b o t h t h e s i d e s of t h e membrane. The d i l u t e s o l u -
t i o n s i d e alv;ays r emained p o s i t i v e . 
F r e s h l y p r e p a r e d membrane were used f o r p o t e n t i a l 
m e a a u r a t i e n t s . The e x p e r i m e n t s were r e p e a t e d w i t h f r e s h 
1 
so lu t ion of e l ec t ro ly te and maximum p o t e n t i a l a t ta ined was 
recorded. The po ten t i a l measuranent were car r ied out with 
(A) Lead chromate and (B)cc5pp^chromato medbfane. 
The membrane po ten t i a l data obtained with each of 
the parchment supported membranes using various 1:1 e l e c t -
ro ly tes (Chlorides of Li / Na , K , and NH ) were prepared 
from ana ly t i ca l grade reagents and deionized water. The 
membrane po ten t i a l data obtained were p lo t ted as a function 
of log ^1 "^  ^2 while the r a t i o ^ = f l fixed a t 10. 
2 C 
These plots are sh^ ^wn in figures 3&4 and the membrane poten-
t i a l data obtained are given in Table (1 ) . 
The b i - ion ic po t en t i a l (BIP) were mfiasiired by cons-
t ruc t i ng an electrochmeical c e l l of the following type, 
using osaw vernier potentiometer 
Yiq-Wq^l^ S a t u r a t e d 
KC 1-Agar 
S o l u t i o n 
AX 
Membrane S o l u t i o n 
Bx 
S a t u r a t e d 
KC 1-AgC 1 
Hg2Cl2 
Hg 
The c o n c e n t r a t i o n on b o t h t h e s i d e s were k e p t t h e same. A l l 
measurement s were c a r r i e d o u t a t 25 + 0 . 1 ° C , 
MEASUREMENT OF Me-BRANE CONDUCTANCE 
M*ibrane c o n d u c t a n c e was o b s e r v e d by s e t t i n g up a c e l l 
of t h e t y p e shown in F i g (2) d e c r i b e d by Lukshminarayana iah 
and Subramayan ( 6 9 ) . Lead c h r o m a t e and c o p p e r c h r o m a t e membrane. 
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clamped between the two half ceiil and kept for about 24 hours, 
in the required ionic form, was equi l ibra ted in the appropriate 
e l ec t ro ly t e 'solution. The half c e l l s were f i l l e d with pure 
mercury previously equi l ibrated with the same e l ec t ro ly t e 
solut ions as the membrane. Trapped a i r bubles were removed 
by l i l t i n g t he - ce l l back and for th . Platinum wire electrodes 
dipping in mercury established e l e c t r i c a l contac t . Kienbrane 
conductance was measured with the help of Toshniwal conduc-
t i v i t y bridge a t Various temparatures. 
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THERMODYNAMICS 
Kobatake tet a l . Theory: 
Kobatake et a i (51) derived the following equation for 
t he e l ec t r i c current density (T) , r e l a t i v e to the frame of 
reference fixed to the membrane, using the basic flow eqtia-
t ions provided by the thermodynamics of i r r eve r s ib l e proce-
s s e s , 
( I ) = F ( r c + 1 c ) ^ - RT (1 c <^ "^^ + > 1 c ^^" -^. ) 
C + 4 - - - d X + + —-rrr— - _ —-r?— 
^"^ ^^  (2) 
Here 0 is the e l ec t r i c po ten t i a l , C and C are concentrat ions 
of +ve and -ve ions in moles per cubic centimeter of so lu t ion , 
a and a are a c t i v i t i e s of pos i t ive and negative ions in 
moles per cubic centrimeter of solut ion, 1 and 1 are molar 
mobi l i t ies of +ve and -ve ions defined in terms of the mass 
fixed frame of reference. Dim i s the ve loc i ty of local cent re 
of mass, R is the molar gas constant , T is the absolute tem-
parature of the system and F is the Faraday constant . 
For the evaluation of Urn, the viscous forces act ing on 
Ice of solut ion in the membrane is repreented by - (l/K) Urn, 
where K i s a constant, which is considered to depend on the 
v i s c o s i t y of the solut ion and the s t r u c t u r a l de t a i l s of the 
polymer network of which the membrane i s composed. The same 
3 
volume of solut ion undergoes an e l e c t r i c force i\^ich i s 
represented by 
In the steady s t a t e , the sura of these two forces is zero, 
s o t ha t 
Urn = - I<F (C_^  - C_) - ^ (4) 
for convenience, Kobatake et a l (51) have considered a mem-
brane which is ionized negatively with a charge density 
©(in moles/cc) , Then the requirement t ha t the e l e c t r i c 
n e u t r a l i t y must be real ized in any element of the membrane 
gives the r e l a t ion 
C^ - C = 0 (5) 
Since in the system considered here no e l e c t t i c f i e ld is 
applied external ly across the membrane, not net charge i s 
t ransported from one s ide of the membrane to other . This 
means t ha t (I) must be zero a t a cross sect ion of the 
c 
membrane sxibstituting eqn (4) and (5) in to eq (2) , pu t t ing 
(I) equal to zero, and solving for -^ , the following c ox 
expression i s obtained. 
d^ _ -(RT/F) 1 (^C +(2f) (d In a+/c3x)- 1 C (d Ina /dx) 
dx ~ ^^  ^ . 2 ~ ^6) 
( r + 1 ) C + r Q + KF9 
To proceed fvirther, the a c t i v i t i e s a^ and a__ must be known 
as function of C . 
24 
Assxjmption for a and a_ 
I t i s one of the unsolved problems in the f ie ld of 
po lye lec t ro ly te study to derive exact t h e o r i t i c a l expressions 
for the a c t i v i t i e s of small ions in polye lec t ro ly te so lu t ions . 
I t i s therefore xonderstandable tha t Kobatake (45) had to 
assume ra ther an unjust i f ied re la t ion between a, and a_. His 
assumption is equivalent to s e t t i ng such t h a t . 
^4- = ^ 4 . ' 3 = C ( 7 ) 
+ + — — 
and 
Y+ = - ^ 'Y = 1 (8) 
• ^ C +9 
whereY^. and Y_ are the a c t i v i t y coeff ic ients of +ve and -ve 
ions in the membrane. Although a t present no t h e o r i t i c a l 
j u s t i f i c a t i o n exis ts for the a rb i t r a ry choice of the forms of 
a_(. and a__, an in t e re s t ing r e su l t i s obtained when i t i s applied 
t o the membrane equilibrium problem. 
Eq\iation for membrane po t en t i a l : 
assumption for a. and a_^  fron eqn (7) and (8) , sxibstitute 
in eq (6) , 
d ^ - - ( - ? ) zJ. ::—I i 2 — dx ^^ ) 
( 1 + 1 ) C + 1 0 4 - K F © C 
when the bulk solut ion on both sides of the membrane i s vigo-
roxjsly s t i r r e d , no po ten t i a l gradient is s e t up in them, so 
25 
that the desired membrane potential 0 is obtained by Inte-
grating -r^  over the thickness of the membrane. The final 
expression for the membrane potential is given by 
. ^  RT 1 - C_ ,, 1 - 2c^ ) In ^2 ^'^^ ^ (10) 
^ 1 •^ 
where 
<- A. 
v^ - (11) 
p = 1 + ( f^ ) (12) 
+ 
and t h e parameters have been assumed t o be independent of 
s a l t c o n c e n t r a t i o n . 
L imi t ing form of eg (10) 
Kobata)<:e e t a l (51) have der ived two use fu l l i m i l i n g 
forms of eqn (10 ) . These a r e : 
(a) S^fhen C becames s u f f i c i e n t l y smal l with f ixed , eq (10) 
may be expanded t o give 
! A 0 j = A inY- ±±- ( 1 + ^ - 2o() ^2 (13) 
where JA9^y| i s t h e a b s o l u t e va lue of a reduced membrane 
p o t e n t i a l defined by 
I^S^l = - ^ (14) 
(b) I t has a l s o been shown by Kobatake e t a l (51) t h a t a t 
f i x e d the i nve r se of an apparent t r a n s f e r e n c e number t~ 
aPP 
f o r t h e co- ions spec ies in a n e g a t i v e l y charged menibrane i s 
2 r» 0 
proportiofta 1 to the inverse of the concentration C in the 
region o£ high s a l t concentration. Here t i s defined by 
the re la t ion 
1^<?:?I= d ^ ^ p p ' 1 "^ (15' 
The derived t ransport values has been ca l led the apparent 
t ranspor t number i . e - t^ ^^^ because in th i s type of measuranent 
water t ransport has not been' taken in to accoiont. This apparent 
value x-?ill be e l se to the t rue value, when d i l u t e solut ions 
a r e xised subs t i tu t ing forAj^ from eqn(9) and expending the 
r e su l t i ng expression for 1/t" in powers of 1/C- gives 
app 2 
^r:^ (i-o() "^  2(i-4r^in ^ c. ^  "^  ^^^^  
app / 
Reduced expression of permseleetivjty according to 
Kobatake et a l 
Both the a c t i v i t y coeff ic ients and mobi l i t ies of small 
ions in charged membranes can be e>^ressed according to 
kobatake et a l (56) by the following expression. 
Y+ =Y+ ( C_ + 0X) / (C_ + X), 1 = X ' (17) 
% = U° (C_ + 0X)/ (C_^  + X), U_, = vP (18) 
H e r e y . , n , Y°. and U? ( t = +, -) stands for the a c t i v i t y 
coef f ic ien t and mobili ty of ions species i in the membrane and 
in the bulk solut ion, respect ively , C and X are the concen-
t r a t i o n of anion adsorbed in •t±ie membrane (in moles per l i t r e 
2 7 
of water in the tnembEane) , and the stoichiometr ic concentra-
t ion of charges fixed in the membrane. According to the con-
vention suggesteid by Guggenbein (70), Y ^ *^ "^ ^® equated with 
V ° for 1:1 e lec t ro ly te / and they are replaced by the mean 
a c t i v i t y coeff ic ient V'^ of the e l e c t r o l y t e component. In 
equations (17) and (18), (? represents the fraction of counter 
ions in the unbaunded form, i . e . , excluding those t i g b t l y 
bound to the polymer skeleton cons t i tu t ing the membrane. 0X 
may be refferred to as the thermodynamically effect ive fixed 
charge density of the membrane. 
Consider a system in which a negat ively charged mem-
brane i s immersed in an el€K:trolYte of concentrat ion C. Under 
t h i s condition the Donnan equilibrium for small ions holds 
between the membrane phase and the solu t ion , then we have 
(Y+ )^ c^ ='V+.c+ i-. ^- (19) 
the mass fixed transference number of anions in the membrane, 
X, is defined by 
I - = ;^^- (20) 
(U^ C^ + U__C_) 
Introducing eqioations (17), (18) and (19) i n to equation (20) 
together with the e l e c t r i c a l neu t r a l i t y condit ion, i . e . 
C = C + X We obtain 
+ — 
2 ^ 1,1/2 ^ ^ 
\ - ^. ^ < n \% ,21, 
(4 ^ +1) /^^  + (2^-1) 
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v-Jhere % = - ^ | — (22) 
and 
< = . n (23) 
(UJ + U° ) 
On t h e o the r hand, t he apparent t r a n s f e r e n c e niimber 
of anion in t h e inerabrane, t , .^„ i s defined by t h e fo l lowing 
app 
Ner^Jst eqijation 
AiZf = - ( ^ ) ( 1 - 2 t - ) In S (24) 
F app ^ 
Here C and C a r e t h e concen t r a t i ons of the e x t e r n a l s o l u t i o n 
i n mdies l i t r e on t h e two s i d e of the membrane/ and RT and 
F have t h e i r i isual thermodynamic meaning. I t has been found by 
Kobatake e t a l (56) t h a t the d i f f e r ence between TL and t~" 
^ app 
was less than 2% in the wide range of s a l t c o n c e n t r a t i o n vAien 
c +c 
t h e averaged concen t r a t i on '1 2 was r ep laced by C. Therefore , 
— G + C 
i f we r e p l a c e X t>y t p and C by 1 2 , equat ion (21) i s 
a p p l i c a b l e even vtien the concen t r a t i on on t h e two s i d e s of t h e 
membrane a r e d i f f e r a t t . Rearrangement of eqiiation (21) leads 
t o t h e eqn. 
1 _ 1- t " ^ -. o( 
7 3 — , 1 / 2 = 22E = % . . . . . (25) 
Here P^. i s a measure of p e r m s e l e e t i v i t y of t h e membrane 
e l e c t r o l y t e system. 
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Toyoshlma and Nozakj theory for Bl-ionic Po ten t ia l 
If the membrane separates two di f ferent e l ec t ro ly t e s 
of the same concentration, the po t en t i a l developed is ca l led 
the b i - ion ic po ten t i a l which i-s a measure of the s e l e c t i v i t y 
t o ions of the same sigm. Various theories for the p o t e n t i a l 
generated across a membrane have been put forward and reviewed 
recen t ly by number of inves t iga tors (35/42^48,49,56). More 
r ecen t ly Toyoshima and Nozaki (62) developed t h e o r i t i c a l 
equations for b i - ionic po ten t i a l considering a negatively 
charged membrane interposed between two simple 1:1 e l ec t ro ly t e 
(with common Co ion) a t the same concentrat ion. These egtiation 
as follows ( the t r eqn 37,38,39). 
RT 
BIP F 
2 m 1 + In ^ ^ ^^ (26) 
KB " JVB +1 
where J and g were defined as 
^2^-1) m - ^ i ^ - I n ^ B i l „ i , - ^ = 0 . . . (27) 
n 
and gN = 1 1 + [ l + (2 CKN ) ^ 1 ^'^^ (28) 
V^  i s thie ca t ionic mobility (N = Li, No, K, NH. etc) and J i s 
t he e l ec t ro ly te f lux . The other symbols have t h e i r usual 
s ign i f icance . 
Using the same basic flow equation and assumption for 
mobi l i t i es and activitfees of movable ions within the membrane 
30 
Toyoshiroa and Nozaki (52) der ived t h e fol lowing eqviation for 
t h e membrane p o t e n t i a l 
Em = ~ 
- In - ( 1 - ^ ) In / 
N 
1+(2K^ C^X ) '^+( l , 1^ ) 
/TH(2K^^C^0X)- '^+ 1 ( - ~ | ^ ) 
+ In / 1+ (2Kj^  C 2/0)9 + 1 
^ 1 + (2l<|j C /(?5)0^ + 1 
(29) 
on expending in power of 1/C!2 . with the concentration ratio 
being kept constant, eqn 
-Em = RT (1-
V^ 
) In r -2(1- i- ) {-^) (Ip^) (^) i 
V-N v; N Y <^-N ""21 
..(30) 
The apparen t t r a n s f e r e n c e number t of Colon was def ined 
app 
by Nerns t eqn, 
Em = - ( ^ ) (1-2 t^pp) m (31) 
i n t r o d u c i n g eq (30) i n t o (31) and expending the r e s u l t i n g 
eqioation as a power s e r i e s in 1/C;^ ., t h e fol lowing express ion 
v/as obtained 
= V-v, + (VKJ - 1) 
'app 
N 
Y - 1 
K, 
0X ( -i- ) (32) 
N 
equation (32) predicts a linear relationship between 
app 
and 
Various t h e o r i e s d iscussed by a number of i n v e s t i g a t o r 
( 3 5 , 4 2 , 4 8 , 4 9 , 5 6 ) . For b i - i o n i c p o t e n t i a l , He l f f e r i ch (59) 
3 i 
cons ide red , according t o t h e concepts of t h e TMS theo ry 
(34 ,40) / as being t h e a l g e b r a i c svrni of two i n t e r f a c i a l 
p o t e n t i a l s and i n t e r n a l d i f fus ion p o t e n t i a l . A complete 
mathemat ica l d i scuss ion under cond i t ions of membrane d i f f u -
s i o n , film d i f fu s ion , and coupled membrane film d i f fu s ion 
c o n t r o l has bean p r e s e n t e d . For a gene ra l ca se t h a t invo lves 
complete membrane d i f fus ion c< •• trol t h e t o t a l b i - i o n i c 
p o t e n t i a l '0 for coun te r ious c eqiaal va lance i s given by 
A ^ = | 2 In Pi a i Y j » (33) 
F _ 
•i ^ j ' ^ i Dj a. 
where a i / a j , Di /Dj , Y i / j j a r e the a c t i v i t y r a t i o s of t h e 
s o l u t i o n s , d i f fus ion c o e f f i c i e n t of ions in t h e membrane 
phase and t h e r a t i o of t h e a c t i v i t y c o e f f i c i e n t s of i o n s . 
The sysmbols RT and F have t h e i r u sua l meanings, Eq\aation (33) 
reduces t o t h e fortn (34) given by VJyllio and Kanaan (71,72) , 
p rov ided J i fe YJ and the diff 'osion c o e f f i c i e n t s a r e r ep laced 
by m o b i l i t i e s (71) . V/yllie (72) expressed t h e intramembrane 
m o b i l i t y r a t i o s as 
Ui ^ t i ^ ml X'i (35) 
Uj t j ~mJ~3\T" 
where t i ^ t j i s t he intramembrane t r a n s f e r e n c e r a t i o and mi 
and mj a r e t h e s t e a d y - s t a t e equi l ibr ium concent^-ation of i 
and j in t h e r e s p e c t i v e funct ion zone, A i i s the c o n d u c t i v i t y 
of the membrane v\tien i t i s Wholly in i form andAj i s the 
conduct ivi ty of the membrane when i t i s wholly in j form. 
Pxirthermore i t was shown tha t mi/mj (^  Kji, the s e l e c t i v i t y 
constant Eq. (35) . 
-%- = > < " ^ <^«' 
Thiis the ra t ios of mobi l i t ies were re la ted t o the chonical 
and e l e c t r i c a l propert ies of the membrane. From thermodynamic 
treatment Sandblom and Eisenman (7 3) derived a r e l a t i on 
-^- - m % (37) 
for fixed s i t e membranes which implies t ha t the permeabil i ty 
r a t i o i s qui te generally fElated t o the ion exchange e q u i l i -
brium constant KiJ and the r a t i o of mobi l i t ies of c r i t i c a l 
ions , wtiere Kji i s the ion exchange equilibrium constant 
defined by Kji = 1/Kij = aj, C i / a i c j . 
R E S U L T A N D D I S C U S S I O N 
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Parchmsit suppoirted inorganic p r e c i p i t a t e membranes 
have the a b i l i t y to generate po t en t i a l s when they are used 
t o s ^ a r a t e e lec t ro ly te solutions of di f ferent concentra-
t i o n (20-32). This prc3perty is a t t r i bu ted to the presence 
of a net charge on the membrane probably due to adsorption 
of anions or ca t ions . The quanti ty of charge required to 
generate p o t e n t i a l s , p a r t i c u l a r l y when d i lu t e so lu t ions are 
used, is small. This, of course i s d^endent on the poros i ty 
of the m^nbrane. If the membrane pores are too wide, any 
amount of charge on the membrane does l i t t l e to generate 
good p o t e n t i a l s . But i f the membrane pores are narrow* a 
l i t t l e charge on i t can give ideal po ten t i a l s according to 
Nemst equation: 
^max - F ^^ - ^ (1) 
^2 
where a^  and a are the a c t i v i t i e s of the two solut ions on 
e i t h e r side of the membrane iJi an electroch^nical ce l l of 
the type mentioned in the experimental p a r t ; E is the 
max 
membrane po ten t i a l and RT and F have t h e i r usual s ignif icance. 
The values of the membrane po ten t ia l ^0 measured 
across both lead and copper chromate menbrane with the 
use of the chloride of ammonium, potassium, sodium and 
'o 
lithium are given in Table 1. 
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when an ion exchange membrane of d i f ferent concen-
t r a t i o n s i s interposed between the two solutions of an ' 
e l e c t r o l y t e the mobile species pene t ra te the membrene and 
various t ransport phonoroena are introduced into the system 
(60). An e t e c t r i c a l po ten t ia l ceilled a concentration 
p o t e n t i a l or membrane po ten t ia l i s generated across the 
membrane. The membrane po ten t ia l data obtained with each 
of the two t^pes of parehraent supported membranes using 
var ious 1:1 e l e c t r o l y t e s , are p lo t t ed as a function of 
I09 3, 2/ with the r a t i o 'Y fixed at 10. These p l o t s are 
2 
shown in f ig. 36:4, 
For the evaluation of the thermodynamically e f fec t ive 
fixed charge densi ty by the method of Kobatake e t a l . , 
t he following procedure was adopted. 
Equation (13) indicates t h a t a value of P and a 
r e l a t ion between « and d can be obtained by evaluat ing the 
i n t e r c u t .and the I n i t i a l slope of a p l o t of A ^ r against 
C^» Figure 5 i l l u s t r a t e s ploto ofAj^fr Versus Q^ in the 
region of low concentration t h a t were determined for various 
e l ec t ro ly t e with lead and copper chromate membranes. The 
values of in tercept is equal to 1/P inY. 
from which P may be 
evaluated values are given in t ab l e (11). 
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Ecjuation (16) Indicates tha t the in tercept of a 
p l o t of 1 / t ^ against 1/C a t fixed '« allows the values 
of a to be determined, which are shown in figure (6) for 
both the membranes with various e l e c t r o l y t e s . The value 
of the in tercept is equal to /. ^a') ' ^rom which ct i s 
evaluated. The values are given in Table (11) . 
For the evaluation of 9, there are tv.o l imi t ing 
cases . 
In the d i l u t e range (C = l.OxlO" to LOxlQ-^M) 
t h e slope of eq (13) i s givai by 
Y 1 1 
The graphical value of the slope determined from Figure (5) 
i s equated with the above expression af ter s u b s t i t u t i n g 
the values of o: and P, and thus the value of 0 i s obtained. 
In the concentration range (C = 1.0 to 5x10 M) 
usdnig eq. (16) the slope is given by 
2( l -a )2 I n ^ 
The g r ^ h i c a l value of slope determined from Figure (6) i s 
equated with the above expression. The values of a and ^ are 
subs t i t u t ed , end thus the value of Q is evaluated. Kobatake 
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3 MJ 
has suggested tha t / provided t h i s equation for the membrane 
p o t a n t i a l is cor rec t , then the tv/o values of © (in the two 
l i m i t i n g cases) thus determined from the opposite llmiito^ 
l i m i t s shoud.lagree with one anotner. In the present case 
with parchment supported membranes, the two obtained from 
t h e opposite l i m i t s agree with one another, thereby confirm-
ing the ^ p l i c a b i l i t y of Kobatake et a l . equation to these 
systems a lso . 
Conparison between theore t ica l and experimental data 
can be made and the app l i cab i l i ty of the equation of 
Kobatake e t a l , to both the membranes can be t e s t ed by the 
following analy t ica l technique suggested by Kobatake. 
Equation (10) may be written as 
CY- e^) / (e^ - 1) =X (38) 
with q and X defined by eqs (3 9) and (40) 
\ACJ>^+ (l-2a) In-Y 1 
=^ ^ r^. ^ (39) 
[ l / P + (1-20) J 
X = C2/«P 0 (40) 
(Y -e'5) If th is equation is valid •. the values of •- , 
(e'^-l) 
toge ther with the predetermined a, P, and d (From 
Table (l l) must f a l l on a s t r a i g h t l i n e which has a 
u n i t slope and passes the origin when p lo t t ed against X. 
*\, \ T. \1^ 
T 2 . 0 
'(U 
K^ 
V 
^ 
FIG.Z PLOTS OF l o g " ! ^ VSlo^X F0R(A; LEAD CHROMATE 
AND'^) COPPER CHROMATEBMEM RANES USING VARIOUS I'l ELECTRO 
LVJES • UCI ^ o Na-Cl^  A KG, A, NH^ CI . 
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This behavior should be observed i r r e spec t ive of the value 
of Y and the kind of membrane-electrolyte (1:1 system) used. 
Figure (7) demonstrates tha t the theore t i ca l p red ic t ion , 
based on Kobatake's membrane po ten t i a l expression is borne 
out qa i te s a t i s f a c t o r i l y by our e:!^erimaital r e s u l t s on ' 
parchment supported membranes. 
For the evaluation of thermodynamically e f fec t ive 
fixed charge densi ty iHx, the vcirious values of permselect iv i ty 
Ps were also calcula ted by subs t i t u t ing the value of a (bulk) 
and t in qq (26)/ and then p lo t t ed against log ( 1 2J. 
The resu l t s are shown in Figure (8). The term "^  has already 
been defined as the r a t i o between the average concentration 
C and the effect ive fixed charge densi ty fix, i . e . "^  = grr- , 
The un i t s of both C and 0X are expressed in terms of 
e q u i v a l e n t s / l i t e r , when the average concentration C is equal 
to the effect ive fixed charge densi ty 0X, i . e . C/0X = ^ = i . 
the value of Ps must give -^ » 0.488 from the l e f t hand 
/ 5 
s ide of eq. {26) » The corresponding concentration i s obtained 
from the p lo t s of Ps versus logCas givai in Figure (8). This 
value of coneantration is equal to the fixed charge densi ty 
j2fX. The ^X values are given for various e l ec t ro ly t e in 
Table (l l) . The p l o t s of Ps versus (l-t4>^^)~^'^ are drawn 
for both the manbrane with KCl and shown in Figure (9) . 
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I t i s evident tha t the l i n e nearly passes through the or igin 
with u n i t slope, confirming the app l i cab i l i t y of Kbbatake's 
equation to i^ese raonbranes. 
For tiie evaluation of the thermodynamically ef fec t ive 
fixed charge density* Nagasawa e t al (42) .derived a general 
equation for membrane po ten t i a l existiig across a charged 
membrane. In the l imi t high e l ec t ro ly t e concentrations they 
found the following approximate form ( the i r equation 31) , 
A^.=F[VY-l] (2f) i- (41) 
where 0X i s the concentration of fixed charge on the membrane. 
Equation (41) pred ic t s a re lat ionship between 
membrane po ten t i a l A0^ and 1/C^/ from which 0X can be 
ca lcula ted . The s t r a igh t l ine p lots in f igure (10) are in 
accordance with ecp (41) . The values of 0X derived from the 
s lope of the l ines are given in Table (14) . Further, i t i s 
noted tha t from tab le (11) and (14) t h a t the charge dens i t i e s 
evaluated from Kobatake & Nagasawa theor ies are of the same 
magnitude. 
Equatdin (3 2) p r e d i c t a l inear re la t ion between the 
1 1 1 
r—*— and -;=— . The p l o t of r— against 1/C, a t fixed 
epp 2 
'Y equal to 10, shown in figure (6), allows the values of 
VN and 0)^/Kq £o^ both the membranes with various e lec t ro ly tes , 
The values of V,, evaluate from the i n t e r c u t of graph, shown 
in figure (6), and the values of ^^ — from the slope of the 
iSI 
• L-, CI 
o NCLO 
A KCJ 
A NH^CI 
FIG.ia PLOTS OF MEMBKANE POTENTIAL (A^/t i )AGAINST l /Q 
FOR-VARIOUS ELECTROLYTES WITH ( A I LEAD CHROMATE,(B) COPPER 
CHKOMATE MEMBRANES. 
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same grsph which is given by following re la t ion 
iv^-i) "Y- 1. /.('InY 
s u b s t i t u t e the value of VN, evaluated by the in te rcep t of 
f igure (6), in the above re la t ion to evaluate -^— , The 
values of VN and ^ given in table (14) . These values of 
eqp (41), Values are given in Table (13). with the help of 
V^^ and ^ now be used to evaluate the values of gw using 
these parameters namely, VN, ^ and <^, the t h e o r i t i c a l 
m 
BIP calcuted using ecp (26) and (27). These t h e o r i t i c a l 
values of BIP thus obtained ard p l o t t e d aginst log C which 
are shown by broken l ines in Ficjure (11). For conparison 
t h e obser^/ed values of BIP are also p lo t t ed arid shown by 
sp l i d l ines il the same graph. I t i s quite evident from the 
f igures th§t the agreement betwe;en the observed and t heo r i -
t i c a l values is quite f a i r and i t may be concluded tha t the 
theory of BIP-developed by Toyoshima and Nozaki (62) i s 
appl icable to our system of parchment supported lead and 
copper chromate membranes. 
Bi-ionic po t en t i a l was measured for d i f fe ren t Ion-pair 
of 1:1 e l ec t ro ly t e s , as mentioned in the ej<perimental pa r t , 
are given in Table (2) . 
Now, with help of these value of Bi-ionic po t en t i a l and 
eqn (34) we ca lcula te . the intramembrane mobility r a t i o . Values 
are given in Table (12) • From these values of intramembrane 
H 
o 
u 
+> 
f - l 
9 
0 
•H 
(0 
> 
0 
4J 
(0 
•p 
a> 
c 
m 
>-i 
X) 1 
e (0 
M 
-P 
C 
H 
0) 
x: 
+> 
4^  
0 
s 
p 
ri 
ra 
> 
u o 
« 
O 
+ 
in 
CM 
+> (0 
n 
^ 
(0 
c 0 
H 
M 
CQ 
0) 
8 
x: 
o 
ft 
ft 
o 
u 
Qi 
+> 
(0 
e 
u 
(0 
0 
c 
to 
u 
B 
0) 
hJ 
D \ 
+ 
o 
•* 
• 
o in 
* 
• * 
VD 
• 
C^  
r* 
• 
(y> 
CO 
• 
in 
o 
• 
+ 
(0 
\ 
+ 
(D 
(0 
1-5 
C I 
O (0 
•^ u 
•p 
QJ C 
•P (D 
>i U 
f-t C 
P O S 
u H c 
0) -H 0 
w a<4J 
TH H 
CM 
O (N 
m 
in 
t-i 
CO 
CM ro 
o 
\ 
rH 
O 
in 
o 
• 
o 
\ 
in 
o 
O 
o 
o 
\ 
rH 
o 
o 
in 
o 
o 
• 
o 
\ 
in 
o 
o 
• 
o 
CM 
on 
CM 
o 
O 
• 
o 
\ 
rsi 
o 
o 
o 
CM 
ro 
CM 
• 
r-
CJ 
• 
•* 
ro 
• 
CJ 
• ^ 
• 
in 
in 
• 
<«t 
XD 
• 
CTi 
VO 
• 
TS 
CM 
ON 
CM 
O 
Tj-
C^  
'* 
in 
in 
CSI 
VO 
a\ 
CM 
10 
m 
en 
in 
CM 
VO 
O 
C^  
CM 
00 
in 
c^  
ro 
CO 
o 
o 
• 
o 
\ 
tH 
c 
o 
• 
o 
43 
3 
0 
•H 
U 
m 
> 
u 0 
»M 
§ 
C 
<0 
^ 
^ 
g 
e 
"D 
0) 
-P 
y 
0 
ft 
§• 
to 
•p 
c (D 
1 
ii (0 (X 
(^  
0 
«w 
§ 
u 0) 
•p 
0) 
E (C 
k 
<0 
p. 
Q) 
5 
m 0 
n (U 
0 
H 
(B 
> 
fO 
H 
O 
o 
t -< 
• 
O 
+ 
in 
o* 
+) (0 
c 
0 
•H 
+> m U 
4J 
c 0) 
0 
c 0 
0 
+> 
fe 
VW 
M-l 
•H 
no 
+> (0 
§ 
0 
•H 
4J 
P 
H 
0 
to 
<0 
ft 
H 
0 M 
•P 
^ 
iH 
0) 
rH 
»• 
i - « 
EH 
•P 
e 
o 
ft 
0) 
•p 
i 
u 
n) 
3 
r-i 
U 
o 
•^ 1 
^^ 
f~1 
u 
§ 
0) 
c 
<0 
h 
i 
2 
w 
c 
w 0 (U -H 
>i (0 
H k 
0 4J 
U C 
•P 0) 
iH 0 
w u 
00 
in 
in 
in 
r-
o 
rM 
CO 
(N 
O 
r-
o 
o 
TH 
o 
o 
o 
o 
CO 
ro 
<N 
w 
N 
O 
CM 
M 
CJ 
CI 
M 
M CM (NJ 
CM CNJ CM 
CM Cvj CM 
CM CM CM 
CM <M CM 
in (N 
o o 
• • 
o o 
o 
CM 
CM 
CM 
CM 
CM 
CM 
(^ 
CO 
• (N 
00 
CM 
• CM 
i n 
o 
t 
CM 
n 
rH 
O 
• CM 
CO 
o 
o 
• CM 
o 
o 
o 
• CM 
o 
o 
o 
c 
CM 
00 
OJ 
CO 
TH 
«* 
VO 
r> 
o 
<3\ 
«-i 
o 
in 
o 
o 
o 
o 
o 
o 
o 
o 
CM 
in 
t^ 
* 
ro 
CO 
r«-
VO 
CM 
VD 
» 
CM 
M 
' * 
•^ 
<N 
H 
• 
CM 
CM 
xr 
o 
C^J 
fO 
o 
• 
CM 
00 
o 
rH 
O 
CO 
O 
o 
• 
CM 
o 
o 
o 
o 
• 
CM 
o 
o 
o 
o 
• CM 
o 
o 
CM 
c^  
r-
VO 
•<* 
CM 
ro 
•«J« 
o 
CTi 
O 
TH 
o 
r-CM 
o 
o 
o 
o 
o 
o 
CM 
c^  
<3\ 
t^ 
co 
«* 
CM 
Tl" 
^ 
o 
rH 
rH 
O 
CO 
CM 
O 
o 
o 
o 
o 
o 
CM 
in 
o 
o 
CM 
O 
o 
TK 
o 
o 
o 
g 
u 
m 
•0 
<a 
> 
•H 
u 0) 
•D 
55 
i^ 
•O 
c 
a 
|X 
* 
,~^ 
J3 
s 
. ^ 
<w 
« 
a > 
u (u 
•p (D 
E (0 
(0 
p< 
s 
(0 
(4 ja p 
ui 
E 
»w 
0 
(0 
0) 
(d 
> 
0) 
g 
^ 
iH 
01 
0) 
C (0 
V4 
^ H 
fi> E 
•0 (U 
1i 0 
ft 
& 
;J 
n 
+> C 
B) 
B 
XI 
V 
u (6 
PA 
U 
0 
»H 
>1 
M 
0 
0) 
5 
•H 
rv: 
g 
0 
!a 
TJ 
c fO 
fl) 
1 
JC 
8 
>^  
0 
B 
0) 
g 
0) 
+> (0 
E 
O 
U 
Xi 
o 
M 
0) 
o. 
o 
u 
+> 
C 
(0 
u 
S 
u; 
•a 
«^ 
-Q. 
45 
K 
0) 
0 
•p 
w 
03 
t^ 
ID 
O 
« 
o 
ro 
00 
VO 
o 
• 
o 
ro 
ro 
CO 
o 
• 
o 
00 
If) 
o 
o 
* 
o 
in 
CO 
o 
o 
* 
o 
o 
o 
o 
« 
o 
(N 
o 
o 
TH 
• 
o 
VD 
• 
TH 
"ff 
r-
o 
• 
o 
a\ 
ON 
o 
o 
• 
o 
VD 
fO 
ro 
rH 
• 
O 
l> 
VO 
•««• 
<< 
cs T-l 
• 
o 
n 
r>-
• H 
ir» 
t^ 
o 
* 
o 
rH 
O 
1-H 
o 
* 
o 
in 
<* 
m 
TH 
• 
o 
CD 
l> 
<<* 
CO 
o 
• 
o 
CM 
O 
• CM 
O 
CO 
o 
• 
o 
a\ 
o 
v^ 
o 
• 
o 
r~ 
in 
ro 
t-t 
• 
o 
03 
0\ 
t 
1 
in 
00 
o 
• 
o 
VO 
\ 0 
o 
o 
• 
o 
cr\ 
r-
r-
o 
• 
o 
in 
o 
iH 
y 
•H 
a 
H 
u 
ro 
!S 
r-i 
u 
^ 
M 
u 
20 
15 20 
OF 15 
- 10 
Oi 5 
3:0 
"n-{o , 0 ) 
m 
-2.0 
FIG.n. PLOTS OF Z^0,,p Vs logC FOR (D L'^  Q - N^CI 
(1) NaCI-Ka, m LCI-KCI SYSTEM WITH (A) LEAD 
CHROMATE AND(aCOPPER CHROMf\TE MEKlBRf\HES 
46 
mobil i ty r a t i o . We observed tha t themobility' r a t i o undergoes 
considerable change with the concentration of the external 
s o l u t i o n s . This behavior was seen with each e l e c t r o l y t e p a i r . 
The observed membrane conductance values of both the 
membranes for various 1:1 e l ec t ro ly t e s of d i f ferent concen-
t r a t i o n at 25 + 0.1°C aire given in Table ( 6 ) . 
For the s e l e c t i v i t y constant Kgi Wyllie and Kanaan 
(71/72) derive an re la t ion between mobility r a t i o and 
membrane conductivity r a t i o are given by eq (3 6 ) . 
^ = K j i ^ (36) 
The ' s e l ec t i v i t y constant (Kji) evaluated with the hdp of 
t h i s equation and Table (6) & (12) values are ifiven in 
Table (15). Ei:jiation (37) inpldbes tha t the permeabi l i ty 
r a t i o i s , quite generally, r e l a t ed to the ion exchange 
equil ibrium constant , Kji and the r a t i o of mobi l i t ies of 
c r i t i c a l ions. Thus the values of permeabil i ty r a t i o s 
evaluated from the product of the mobili ty r a t i o and ion 
exchange equilibirum constant, with data from Table (12) 
and (15) given in Table (16). The data in Teble (16) show 
t h a t the membrane i s weakly se lec t ive and that the s e l e c t i v i t y 
incireases wih a decrease in the concentratton of the bathing 
s o l u t i o n . 
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The e35>erinientally observed membrane conductance of 
lead and copper chromate membranes are shown in f igure (12) & 
(13) for vardoxis 1:1 e lec t ro ly tes a t d i f ferent t o ipe r a tu r e . 
Monbrane conductance values, shov/ in figure (12) & (13), for 
var ious a lka l i metal ions given the sequence. 
NHT » K"^  > Na"^  > Li"^  
• : 
which follow the order of t h e i r ionic radu s imilar behavior 
was obtained by Lakshminarayanaiah and SubraniFnyan for cer tain 
roganic membranes (63). 
The spec i f ic conductance of the membi?ane increases 
almost l inear ly with the square root of external e l e c t r o l y t e 
concentrat ion. This behavior can be e3<plained in terms of 
increased obstruction of tlie polymer matric as diffusional 
pathways becomes more tortous in concentrated so lu t ion . I t 
a l so observed tha t a t higher concentration the uptake of 
s a l t by membrane is higher which r e s u l t s in incireased value 
of e l ec t r i c a l conductance. These two opposing effect operate 
sa,multaneously at higher concentrations as shown in figure (12) 
and (13) and a s t a t e i s reached when membrane conductance 
values become almost constant, s imi lar type of r e s u l t were 
obtained by Iljima e t al (64) for Nylone membrane with various 
a l k a l i chlor ides . 
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To evaluate the k ine t ic parameter namely^ energy of 
ac t iva t ion Ea, free energy of act ivat ion AG , enthalpy of 
activatctn ^n, and entropy of act ivat ion AS , absolute 
reac t ion rate theory has been ^ p l i e i . From the l i n e a r p l o t s • 
of log TV versus * as shown in fi<3ure (14), the slope of which 
gives the act ivat ion energy as required by Arrhenius equation. 
Results in Table (17) shows tha t the act ivat ion energy decreases 
with increasing concentration of the bathing e l e c t r o l y t e 
so lu t ions . I t is fur ther observed tha t for d i f ferent e l ec t ro -
l y t e s a t a p a r t i c u l a r concentration, the sequence for energy 
of ac t iva t ion i s 
\ NH+ > E^ K-^  > E^ N+ > E^Lf 
The act ivat ion energies of e lec t ro ly te conduction given above 
follow the sequence of crystal lographic r ad i i of the a l k a l i 
metal cat ions . 
Cn the basis of absolute react ion ra te , Eyring (l7, 66) 
der ive the re la t ion 
-fr- RT . H '^ / ' ^ e ^ ' ^Z" (42) 
where 7^  is the observed specif ic conductance, h the plank 
constant , R the gas constant/ N the Auagadro number and T 
the absolute tenperature ^u ±s the gree eaergy of ac t iva-
t ion for diffusion of ions, and is re la ted t o the heat , 
A H % and entropy of act ivat ion, As''^, by the Gibbs-Helmhotz 
equation: 
^ P ^ =/\l/ - T A S ^ (43) 
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AH^ is re la ted to Arrhenius energy of act ivat ion Ea by 
Ea =AH ''^  + RT (44) 
A p l o t of log ^ versus * - from experimental-
data , shown in f ig (15), RT gives a s t r a i g h t hine, the s lcpe 
and in te rcep t of which gives the value of AH y andASr/R. 
The l i n e a r i t y j u s t i f i e s the ^ p l i c a b i l i t y of eq (42) to the 
system under invest igated, The dex-ived value of A H^ and 
AS^ were then used to get the value of A E ^ and Ea using 
eqns (43 &. (44) . The values of' vailous k ine t i c ac t iva t ion 
parameters Ea, A t / , AF'^ and derived for the diffusion 
of various e lec t ro ly tes in both the membranes are given in 
Table (17). The r e s u l t s ind ica te t ha t the e l e c t r o l y t e pe r -
meation gives r i s e to negative values of A s . According to 
Eyring and Co-workers (17,66), the values of /^sT i nd ica t e 
t h e mechanism of flow; the large p o s i t i v e A Sr i s i n t e r p r e -
t ed as re f lec t ing bonds breaking, while low values Indicate 
t h a t permeation has taken place without bonds breaking. 
Negat iveAs^ values are considered to indicate e i t h e r 
formation of a covalent bond between the permeating species 
and the membrane mater ia l , o r t h a t the permeation through the 
membrane may not be the rate determining s t ^ (17). 
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